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(57) Abstract 

,„ a han. dis. drive (.00) including a disR spindle « ^^AT^::X^iZ'^^'^'^ 

defective sector in a ttack (107-1 10) is p«wided. Dunng « ««• ?P««'^«" wteS^Ae d^L^^t If a «ctar is deem^ to be defective, 
drive), a quiclt check is made each time a sector .8 iff«»*^ '^„^'™ *^J*tl iV T^c SiHrive continues with its tead operation in 
the dirt drive »ts an '^^^/^^i'^.^^^'Z t^d^k irive ^vZT^rtorms a reallocation pwceduie to 

this manner until all lequested data has l^^T^'^^tJ^^^^ia^t O^^^ memory The described method preserves the 

SdtSr rsa^«rt'«S;?o«ion p-ocess c5:«nues without da., .«s. even dunng 

power sequencing. 
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FlFT.n OF THF. INVENTION 

The present invention pertains to hard disk drive 100s having the capability of 
perfoiming dynamic in-line sparing. 

R ArKfiROUN ri r>F THF. TNVENTION 



Hard disk drive 100s offer a convenient, efficient, and cost effective way to store vast 
amounts of data. Hence, hard disk drive 100s are found in virtually every computer system, 
ranging from mainframes, workstations, and desktop personal computers to portable laptop 
computers. Basically, in a hard disk drive 1 00, data is stored magnetically as a series of 

15 digital bits consisting of -rs" and "O's." A transducer or "head" is used to record the data 
onto a magnetically coated disk, whereby a "I" is represented by one magnetic polarity and a 
"0" is represented by an opposite polarity. Later, the same head is used to read pre-recorded 
data back from the disk. Often, several of these disks are stacked together and rotated about a 
spindle by a spindle motor. As the transducer is moved radially by a servo/actuator assembly 

20 across the surface of a spinning disk, a number of circular "tracks" are defined. These tracks 
are subdivided into a number of "sectors." It is within these sectors that the digital bits of 
data are stored by controlling the polarities of magnetic domains contained in the sectors. 

One problem frequenUy encountered with hard disk drive 100s relates to that of data 
25 coiruption. Occasionally, some or all of the original data is unintentionally altered or lost 
For instance, small portions of the magnetic disk might lose their magnetic cohesion over a 
period of time. These grown defects might cause data in one or more sectors to become 
unreliable. In the past, this problem was fixed by placing defective sectors off limits. In 
other words, internal circuitry and firmware routines were used to detect certain sectors which 
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have been corrupted or compromised. The problem sectors would then be isolated thus 
preventing data from being written to and read from those sectois. Some hard disk drive 100 
manufacturers have even taken the step of implementing error correction code to correct the 
bad data and reallocating the corrected data to a different sector which is functioning 
5 properly. 

However, this prior art reallocation process cannot be practiced upon disk drive 100s 
dedicated to storing audio or video (AAO data. AA^ drive 1 00s are finding great popularity 
as a means for storing audio and video information, especially relating to multimedia 
1 0 applications. The reason why the prior art reallocation process cannot be readily applied to 
AA^ drive lOOsisduetothereal-timenatureofaudioand video. Audio as well as video data 
are magnetically stored witiiin tiie hard disk drive 100 as a continuous bit stream. This data is 
then subsequentiy read back from the disk drive 100 for playback at the discretion of the user. 
Any significant interruption in the readback of the data Would result in perceptible audio 
15 glitches and visually disturbing video artifacts. In a typical prior art reallocation process, 
approximately 66 msec in rotational latency is spent retrying a sector six times; mapping the 
defect out requires anotiier rotation to mark the sector (4. 1 7 msec) and a seek (8.5 msec) to 
write the data to the new sector; and additional time is incurred for command overhead (20 
Msec) and data processing (34 Msec). Hence, a total time of 79.21 msec is spent in performing 
20 a typical prior art reallocation sequence. This momentary interruption in die supply of data 
from the hard disk drive 100 to the computer system will produce audible clicks and pops as 
well as annoying visual discrepancies. Thus, AA^ disk drive 1 00 manufacttirers and users are 
faced with a no-win situation. If bad sectors are not reallocated, the problem grows worse as 
more and more sectors become defective over time. However, fixing bad sectors also 
25 introduces unwanted glitches and video artifacts. 

Thus, there is a need in the prior art for some mechanism that compensates for bad 
sectors witiiout introducing any latencies into the retrieval of audio/video data from the disk 
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drive 100. The present invention provides one solution to the problem by correcting defects 
off-line to improve data integrity and overall drive 100 performance, whereby read operations 
are completed without any interruptions. 

5 IMM ARY O F THE INVENTION 

The present invention pertains to a hard disk drive 100 having the capability of 
essentially eliminating defective sectors. During a read operation whereby data is 
retrieved in a steady stream (e.g., an audio/video drive 100), a quick ECC check is made 

10 each time a sector is accessed to determine whether the data is correct. If data from a 

particular sector is consistently incorrect- that particular sector is deemed to be defective. 
Thereupon, the disk drive 100 stores the location of the defective sector into a diagnostic 
memory which is periodically written on a disk surface. This can be accomplished rather 
quickly with negligible impact to the read operation. The disk drive 100 then continues 

1 5 with its normal read operation. Each time a defective sector is encountered, the location 
of the defective sector is recorded into the diagnostic memory. The diagnostic memory is 
periodically written onto a reserved storage space on one of the disk storage surfaces. 
The defective sector recording process is repeated until all of the requested data have been 
retrieved. Thereupon, the disk drive 100 systematically performs a reallocation procedure 

20 on all tracks containing a defective sector as indicated by the diagnostic memory. 

In one embodiment of the present invention, the reallocation process consists of 
copying all of the data stored in the track containing a defective sector into a specially 
reserved diagnostic track or tracks. In-line sparing is then performed on the track containing 
25 the defective sector. The in-line sparing process reformats the logical sectors of that track so 
that data is prevented from ever being written to or read from the defective sector. The disk 
drive 100 will now skip the defective sector and go straight to the next sector. Lastly, the 
data is read from the diagnostic track and written back to the reformatted track. The disk 
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drive 100 repeats this process until all tracks containing defective sectors have been 
successfully reallocated. In the present invention, care is taken to ensure that a copy of the 
data is always maintained. Furthermore, in the event of an unexpected disruption, the disk 
drive 100 restarts the reallocation process at an appropriate point so that data integrity is 
preserved. 

BRIEF DESCRIPTION OF THE DRAWINns 

The present invention is illustrated by way of example, and not by way of limitation, 
in the figures of the accompanying drawings and in which like reference numerals refer to 
similar elements and in which: 

Figures lA (plan view) and IB (side view) illustrate diagrammatically some of the 
elements of a generic hard disk drive within which the present invention may be practiced. 

Figure 2 shows a flowchart describing the steps for initiating a reallocation process. 

Figure 3 shows how a track with a defective sector is reallocated. 

Figure 4 is a flowchart describing the steps for performing a reallocation process 
according to the currently preferred embodiment of the present invention. 

Figure 5 shows a flowchart describing the steps for recovering from any disruptions 
occurring during the reallocation process. 

DETAII.Rn DESCRIPTION 
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A hard disk drive having dynamic in-line sparing is described. In the following 
description, for purposes of explanation, numerous specific details are set forth in order to 
provide a thorough understanding of the present invention. It will be obvious, however, to 
one skilled in the art that the present invention may be practiced without these specific 
details. In other instances, well-known structures and devices are shown in block diagram 
form in order to avoid obscuring the present invention. Furthermore, although the present 
invention is ideally suited for audio/visual (AA'^) hard disk drives, the present invention may 
also be applied in other types of drive 100s (e.g., generic hard disk drives, magneto-optic disk 
drive 100s, optical disk drives, floppy disk drive 100s, etc.) 



Figure 1 A shows the top view of a generic hard disk drive 100 within which the 
present invention may be practiced. As shown in the Figure IB side view in elevation, a 
number of magnetically coated disks 101 are stacked together and rotated about a spindle 102 
by an in-hub spindle motor (hidden from view). A number of arms 103 of e.g. a rotary voice 
15 coil actuator assembly 104 are used to move read/write transducers 105 radially across the 
data storage surfaces of the disks 101. While six disks are shown in Figure IB, greater or 
fewer disks may be employed. 

The disk drive 100 additionally includes circuitry 106 implementing a servo system 
20 to control the movement of actuator assembly 104 for performing seeks in read/write 
operations. The circuitry 106 also provides signal processing, decoding, and interfacing 
functions. Furthermore, the circuitry 106 includes either a microcontroller or microprocessor 
which performs the reallocation and dynamic in-line sparing process of the present invention. 
The disk drive 100 circuitry 106 is connected via a conventional bus structure 1 IS to a host 
25 computing system 1 1 6. The disk spindle 102 and rotary actuator assembly 1 04 are secured to 
a base plate 1 13, and a cover 114 isolates an interior space from ambient external conditions 
to provide a clean operating environment. 
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Numerous concentric data storage tracks are defined on surfaces of each of the disks 

101. A single disk may contain thousands ofsuch tracks on each storage surface. Four 
exemplary tracks are shown as 107-1 10 in the Figure 1 A plan view. These tracks are further 
formatted into a plurality of sectors. It is within these sectors in which data is ultimately 
stored. The data for audio and video content is stored in a continuous bit stream. Often, such 
data occupies several tracks. The data is written to these tracks in a sequential fashion so that 
the data may be retrieved with a minimal number of seeks. By writing the data sequentially, 
the computer system may retrieve the data in a smooth, uninterrupted flow that is mandatory 
for high quality video display and audio playback. 

In the present invention, the circuitry 1 06 is used to detect whether a sector has 
become defective. A quick determination is made at the time of a read operation to determine 
whether the data is correct. If the data is incorrect, then firmware embedded in the circuitry 
106 may optionally attempt to fix the data by invoking an on-the-fly error correction fcode 
(ECC) process. If the error still exists, Uie disk drive 100 may then kttempt a multiple error 
burst ECC process. If it is determined that the error persists, then the present invention marks 
the defective sector and continues with its current read operation. Only after the complete 
read operation is finished does the disk drive 100 then go back and reallocate the defective 
sector. In a reallocation process, the original track containing the defective sector is read and 
temporarily stored onto a diagnostic tiack. An in-line sparing operation is performed on tiie 
original tirack. The in-line sparing operation renders the defective sector transparent to the 
disk drive 100 so that it is skipped. This is accomplished by disabling the defective sector 
and utilizing a spare sector at the end of the tiack. The original track is then reformatted so 
tiiat the sectors are logically sequential. The data is then read back from the diagnostic track 
and written into the reallocated track. Thereby, the disk drive 100 automatically skips < 
the defective sector whenever it performs a subsequent read or write operation to that 
particular track. 



i over 
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As an example, suppose that the host computer system 116 commands the hard disk 
drive 100 to store a five minute video segment. The hard disk drive 100 finds and allocates 
four available, consecutive tracks 107-110 and proceeds to write the digitized video 
information onto those tracks in a continuous bit stream (e.g., 

5 01 1 10100110100001 1 10101 1 100. . . ). Later, suppose that the second sector of track 108 
eventually becomes defective. The next time that track 108 is read, the defect is discovered. 
The disk drive 100 takes note of this fact and continues with its read operation until all five 
minutes worth of video data is read and displayed by the host computer system. Thereupon, 
the entire track 108 is read and stored onto a diagnostic u^ck 111. While Figure 1 A places 
10 the diagnostic track 1 1 1 at an outer radius of the disk 101, any suitable location, including a 
track near an inside diameter of the disk, may be used for the diagnostic track (or diagnostic 
zone of tracks). The circuitry 1 06 corrects the defective data. An in-line sparing operation is 
performed on track 108. The data is then read from the diagnostic track 1 1 1 and written to 
the reformatted track 108. Finally, the disk drive 100 notes that in-line sparing has been . 

15 successfully performed on the defective sector. . -' 

Figure 2 shows a fiowchart describing the steps for initiating a reallocation process. 
Initially, a read operation is requested by the host computer system for the retrieval of data 
from the hard disk drive 100. A seek is performed to place the selected transducer 105 over 

20 the first sector containing the desired data. That sector is then read, step 201 . A quick 

determination (e.g., parity. Hamming code, etc.) is made as to whether the data in that sector 
is correct, step 202. If the data read in step 201 is correct, then step 203 is skipped. 
Otherwise, if the data is incorrect, an allocation flag is written to a designated diagnostic area 
on one of the disks, step 203. The allocation flag identifies the location of the defective 

25 sector. In step 204, a determination is made as to whether all of the data has been retrieved. 
If the end of the data has not been reached, step 201 is repeated by reading the next sector. 
After the entire requested data has been retrieved, the disk drive 100 performs a reallocation 
process to fix the sectors which were marked as being defective in step 203. 

7 
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Figure 3 shows how a track with a defective sector is reallocated. In the present 
invention, each of the tracks (or zohes of radially adjacent tracks) with the capability of being 
reallocated, includes one or more spare sectors. For instance, track 301 is comprised of 187 
separate sectors and one spare (S) sector. In an AA' drive which may be similar to the disk 
drive 100 shown in Figures lA and IB, data is written sequentially to each successive logical 
sector (e.g., first, logical sector 1 is written, then logical sector 2, followed by logical sector 3, 
etc.). If one of the sectors becomes defective, that particular track is reallocated in place the 
next time it is read. For instance, suppose that physical sector 2 of track 302(a) happens to 
become defective. The AA^ hard disk drive detects this condition and flags sector 2 of track 
302(a) as being defective. After tfie read operation has completed, the A/V disk drive copies 
tiie data contained in all of the 1 87 sectors of track 302(a) onto a diagnostic, or reserved, track 
303. In the preferred embodiment, the outer most diameter (OD) track is reserved as the 
diagnostic ti-ack 303. However, those skilled in ihc art wouW recognize that anoVher track 
could be reserved as the diagnostic track 303. The AA^ disk drive corrects tiie defective date 
and substitutes the corrected data in place of the erroneous date in logic^ sector 2. Hence, 
diagnostic track 303 now conteins die correct sequence of data. Diagnostic track 303, or a 
separate track 30x may include storage locations for allocation flags, and any otiier flags 
needed in a particular implementation of the present invention. 

In the meantime, dynamic in-line sparing is performed on the original track 302(b). 
In-line sparing reformats the original track 302(b) so as to bypass the defective sector 2. This 
is accomplished by assigning logical sectors to physical sectors, whereby the defective sector 
is essentially masked out The sector numbers on top of a track represent those sectors 
actually present and which physically exist on tiiat track. Physical sectors do not change. 
The sector numbers within a track represent the logical sectors that are lecognized by the disk 
drive 100. Normklly, the Ibgical sector number matches its corresponding physical sector 
number. HoweVer. thb logical sector number of a defective physical sector may be realigned 
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SO as to skip the defective physical sector. For example, the result after in-line sparing has 
been applied to track 302(a) is shown as track 302(b). Track 302(b) shows the distinction 
between logical and physical sectors after in-line sparing has been perft)nned to mask out 
defective sector 2. It can be seen that logical sector 1 still corresponds to physical sector 1. 
5 However, logical sector 2 now corresponds to physical sector 3. A logical "Ff is written to 
the defective sector to identify the sector as an "illegal" sector. Each successive logical sector 
is shifted over by one. Hence, logical sector 2 corresponds to physical sector 3; logical sector 
3 corresponds to physical sector 4; etc. The physical spare sector (S) now becomes logical 
sector 1 87. Since the AA^ disk drive performs read/vmte operations on a logical sector basis, 

10 it will skip over the defective physical sector. For instance, in a write operation, data will be 
written sequentially to logical sectors 1-187. This means that logical sector 1 causes data to 
be written to physical sector 1 . Logical sector 2 causes data to be written to physical sector 3; 
logical sector 3 causes data to be written to physical sector 4; etc. Thereby, the defective 
physical sector 2 is effectively skippjed. Likewise, in a read operation, the data will be read 

1 5 according to logical sectors 1 - 1 87. This means that the data will be read from physical sector 
1 , then from physical sector 3, and physical sector 4, etc. Again, the defective physical sector 
2 is skipped. 

While the term "track" is used herein to denote a single circular data storage locus on 
20 a storage surface, those skilled in the art will appreciate that a track locus could be a single 

spiral across the entire data storage surface. Alternatively, tracks may be arranged into zones, 
with each zone having a data transfer rale optimized to disk radius (assuming a constant disk 
rotational velocity). Thus, the term "track" as used herein should be understood to include a 
"zone" arrangement. 



25 



Figure 4 is a flowchart describing the steps for performing a reallocation process 
according to a preferred embodiment of the present invention. Once the current read process 
is finished and the disk drive is idle for four times the anticipated reallocation period, the off- 
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line reallocation process may proceed. In perfomiing this process, the reallocation combines 
an off-line scheduling feature with live in-line sparing. As discussed above, allocation flags 
are written to disk in the diagnostic area during a read operation to flag those sectors which 
were detennined to be defective. In addition, a power on (POR) flag is also stored within the 
diagnostic area. The POR flag is used to indicate when the drive 1 00 loses power during the 
reallocation process. The allocation and POR flags may share a byte. 

In the first step 401, the original track containing the defective sector as indicated by 
an allocation flag stored in diagnostic memory, is i«ad. An attempt is made to correct the 
defective data, if possible. Next, the data read from the original track is written to the 
diagnostic track, step 402. In one embodiment, the diagnostic track contains an 
OI^maxsectors+1 sectors and may occupy one or more physical tracks of the disk drive. The 
diagnostic track is then verified against the original data track, step 403. Furthermore, the 
POR flag is set to an ON condition in order to write to the disk, step 404. Finally, the data is 
1 5 written to the disk; step 405. In step 406, a determination is made as to whether the data track 
is fc-written. If it is re-written, then the process begins anew at steji 401 Otherwise, the 
process proceeds to step 407. 



10 



In step 407, a mutex lock is applied to the original data track. The mutex lock 
20 prevents access to that particular track. In other words, the disk drive camiot perform read or 
writes to that problem track when the mutex lock is applied. Thereupon, the sector 
identifications (IDs) on the original track are reformatted, step 408. This reformatting step is 
also referred to as in-Une sparing. In one embodiment, dynamic in-line sparing involves 
using that sector flag on a recurring basis. This flag contains either the cylinder/head/sector 
25 (CHS) or logical block address (LBA) for the defective sector. For drives with ID-less 

addressing, the wedge count is used. This flag is queued, by storing the flag in a buffer and 
not perfomiing retries or triple burst ECC. for later retries (after the current read request is 
complete). In step 409, the data is read back from the diagnostic track. This data is then 
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written onto the reformatted original track, step 410. The data is verified in step 41 1 to check 
that it was written property. Next, the allocation and POR flags are cleared from memory, 
step 412. Finally, the mutex lock is removed, step 413. If there is another defective sector, as 
determined in step 414, the reallocation process is repeated at step 401 for the track 
containing the defective sector. Steps 401-413 are repeated until all defective sectors have 
been reallocated or until there are no more spare sectors. It should be noted that data is never 
jeopardized by the present invention. Care has been taken to guarantee that a copy of the data 
is always retained someplace on the disk at all times. 

Figure 5 shows a flowchart describing the steps for recovering from any disruptions 
occurring during the reallocation process. This makes the present invention fail-safe in the 
event of a power cycle. In step SOU the disk drive monitors all disruptions. Examples of 
disruptions include power cycles (e.g., power-on conditions, power-off conditions, disk 
crashes, etc.). If a disruption occurs during the reallocation process, circuitry within the disk 
drive determines the exact point of the reallocation process at which the disruption occurred, 
step 502. Referring back to Figure 4, if the disruption occurs during steps 401-406, then the 
disk drive restarts at step 401 at the next possible opportunity that arises. For example, if the 
disk drive is accidentally powered down while it is in the middle of performing steps 401- 
406, then the disk drive executes step 401 the next time that the disk drive is powered back 
on. This situation is shown as steps 503 and 504. Steps 505-506 show that if the disruption 
occurs in the middle of steps 407-41 1 , then the reallocation process is restarted at step 407 at 
the next possible opportunity. Otherwise, if the disruption occurs during steps 412-413, then 
the reallocation process is restarted at step 412 at the next earliest opportunity (see steps 507- 
508). Thus, the present invention guarantees that data integrity is strictiy maintained. 

The foregoing descriptions of specific embodiments of the present invention have 
been presented for purposes of illustration and description. They are not intended to be 
exhaustive or to limit the invention to the precise forms disclosed, and obviously many 
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modifications and variations are possible in Ught of the above teaching. The embodiments 
were chosen and described in order to best explain the principles of the invention and its 
practical application, to thereby enable others skilled in the art to best utilize the invention 
and various embodiments with various modifications as are suited to the particular use 
contemplated. It is intended that the scope of the invention be defined by the claims 
appended hereto and their equivalents. 
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What is claimed is: 

1 . In a disk drive storage system having at least one disk with a plurality of 
concentric data tracks, each track being formatted into a plurality of sectors for storing 

5 data, a method for compensating for a defective sector, the method comprising steps of:, 

(a) during a read operation including muhiple accesses to sequential sectors: 

(i) reading data from a first sector of the track, 

(ii) determining whether the read sector is defective, 

(iii) storing an indication that the read sector is defective into a diagnostic 

1 0 memory if the read sector is defective, 

(iv) determining whether all data for the read operation has been accessed, 

(v) if all data has not been accessed, reading data from a next sector of the 
track and repeating steps (ii) - (iv) until all data has been accessed; 

(b) retrieving from the diagnostic memory indications that the read sectors are . 

15 defective; and 

(c) reallocating the data contained in the defective sectors, wherein sequential 

nature of data is preserved. 

2. The method of claim 1 , wherein the reallocating step comprises steps of: 
20 reading all data from the track; 

writing the data from the tmck onto a reserved track; 

performing an in-line sparing operation on the track to reformat the track; 

reading the data back from the diagnostic track; and 

writing the data onto the reformatted track. 



25 



3. The method of claim 2, wherein the reallocating step further comprises a 
step of performing error correction to correct data corresponding to the defective sector. 
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4. The method of claim 2, wherein the reallocating step further comprises 
steps of: 

preventing access to the data during reallocation; 
setting a power-on flag; 

verifying that the data was properly written to the reformatted track; 
clearing the power-on flag; 
enabling access to the track. 

5. The method of claim 2 further comi»ising steps of: 
determining whether a disruption occurs during the reallocating step; 
restarting the reallocating step at differem points according to when the disruption 

occurred, wherein data integrity is maintained. 



6. The method of claim 1 , wherein the indication that the read sector is 
15 defective is represented by ian allocation flag. 

7. The method of claim 6 further comprising the step of storing a plurality of 
queued allocation flags in the diagnostic memory, wherein the allocation flags indicate 
which sectors of the disk are currently defective. 

20 

8. In a data storage system having a magnetic medium formatted into a 
plurality of sectors for storing data, a method for correcting for a defective sector of the 
magnetic medium, the method comprising steps of: 

(a) performing a read operation, wherein data is read from a plurality of sectors of 
25 the magnetic medium and during the read operation: 

determining whether data read tmm one of the sectors is defective, 
wherein if one of the sectors is defective, location of the defective sector is stored 
in a memory; 
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(b) locating the defective sector; 

(c) writing the data from the defective sector to a designated sector of the 
magnetic medium; 

(d) reformatting the defective sector to prevent data from being written to or read 
5 from the area that is defective; and 

(e) writing the data from the designated sector of the m^nettc medium to the 
reformatted sector. 

9. The method of claim 8, wherein the reformatting step comprises a step of 
1 0 performing an in-line sparing operation. 

1 0. The method of claim 8, wherein the reformatting step further comprises a 
step of performing error correction to correct data in the defective sector. 

15 11. The method of claim 8, wherein the location corresponds to an address 

specifying cylinder, head, sector information. 

12. The method of claim 8, wherein the location of the defective sector 
corresponds to a logical block address. 

20 

1 3 . The method of claim 8, vrtierein the location of the defective sector 
corresponds to a wedge count. 

1 4. The method of claim 8, wherein the reformatting step further comprises 
25 steps of: 

preventing access to the defective sector during the reformatting process; 
seuing a power-on flag; 

verifying that the data was properly written to the reformatted sector; 

15 
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clearing the power-on flag; and 
allowing access to the reformatted sector. 

1 5. The method of claim 8 fiirther comprising steps of: 
5 determining whether a disruption occurs during the reformatting step; 

restarting the reformatting step at different points according to when the disruption 
occurred, wherein data integrity is maintained. 

16. The method of claim 8 further comprising a step of storing a plurality of 
10 queued allocation flags in memory, wherein the allocation flags indicate which sectors of 
the disk are defective. 
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17. In a hard disk drive in which data is stored in sectors of a track defined 
a magnetic disk, a method of assuring data integrity for a defective sector of a track, the 
15 method comprising steps of: " ' * ^ 

a) reading data corresponding to the track containing the defective sector; 

b) writing the data to a diagnostic track on the disk; 

c) preventing access to the track containing the defective sector; 

d) reformatting the track containing the defective sector to produce a reformatted 

20 track; 

e) reading the data from the diagnostic track; 

f) writing the data to the reformatted track; and 

g) allowing access to the reformatted track, 

wherein the defective sector is reallocated and data is prevented from being 
written to or read from the track containing the defective sector while the defective sector 
is being reallocated, thereby assuring data integrity. 

1 8. The method of claim 1 7 fiirther comprising steps of: 
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restarting the method at step a if a disruption occurs during steps a - b; 
restarting the method at step c if a disruption occurs during steps c - f; and 
restarting the method at step g if a disruption occurs during step g. 

1 9. The method of claim 1 7 further comprising steps of: 
verifying that the data was written properly to the diagnostic uack in-between 
steps b and c; 

verifying that the data was vmtten properly to the reformatted track in-between 
steps f and g. 
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20. A hard disk drive comprising: 

at least one magnetic disk including a diagnostic memory area, the disk having a 
plurality of tracks formatted into a plurality of sectors for storing digital data, the 
diagnostic memory area for storing a location of a defective sector; 
1 5 a transducer for reading and writing the digital data to the sectors of the magnetic 

disk; 

an actuator assembly coupled to the transducer for positioning the transducer over 
a designated track; 

a controller for detecting defective sectors read during a read command, and for 
20 reallocating the defective sectors after all sectors corresponding to the read command 
have been read. 

21. The hard disk drive of claim 20, wherein locations of defective sectors of 
the disk ar« represented by sector flags which are queued in the diagnostic memory area. 
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22. The hard disk drive of claim 20, wherein the controller performs in-line 
sparing operations to reformat each track containing defective sectors according to the 
sector flags stored in the diagnostic memory area. 



17 



wo 98/03970 

PCT/US97/12503 



23. The hard disk drive of claim 20, wherein if the reallocation process is 
interrupted, the controller notes a point during the reallocation process at which the 
interruption occurs and restarts the reallocation at a next available opportunity so that data 
integrity is maintained. 
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